We measured rubella virus immunoglobulin G (IgG) and IgM levels, as well as IgG avidity indexes, in serum samples taken before or after 6 months either after infection or after vaccination. The results obtained indicate that humoral immune responses are different after primary infection and after vaccination. This may have important consequences on the serological diagnosis of rubella virus infection.
Infection with rubella virus was endemic worldwide until the advent of rubella immunization in the early 1980s. Most vaccines used currently contain the RA 27/3 strain, which induces long-lasting immunity, as an antibody response is detectable for Ͼ20 years in 95% of patients (6) . Because rubella vaccination coverage is not sufficient throughout the world, rubella cases are still reported. Clinical diagnosis of rubella is difficult and unreliable, as rubella virus infection can be asymptomatic in up to 50% of infected patients. Thus, laboratory confirmation is essential and relies on specific knowledge of rubella virus antibody kinetics (7, 10) . In developed countries, rubella virus antibody testing is often recommended for all pregnant women who have not had a previous positive rubella virus antibody test. The aim of this screening is to identify women who are susceptible to rubella during pregnancy and for whom vaccination is advised in the immediate postpartum period and to prevent congenital rubella syndrome. This screening relies on serum testing for rubella virus-specific immunoglobulin G (RV-IgG). Tests for rubella virus-specific IgM (RV-IgM) are not indicated unless there is a history of rash or exposure to a rubella-like rash, but many gynecologists request IgM antibody testing because they are afraid to miss acute infection in early pregnancy. This practice should be discouraged, as the detection of RV-IgM is considered by some biologists as always indicative of a recent rubella virus infection. This misinterpretation has important implications in the management of pregnancy (11) . In countries where vaccination is recommended to women of child-bearing age, a positive RV-IgM result is mostly due to vaccination or to nonspecific stimulation of the immune system rather than to primary rubella virus infection (1, 13, 14) . Unnecessary tests for RV-IgM may thus lead to problems in interpretation because the positive predictive value of RV-IgM is poor, especially in countries where disease incidence is low. If RV-IgM is detected, it is therefore imperative to confirm a primary infection by using alternative tests. Among these, RVIgG avidity may be helpful in distinguishing primary rubella virus infection from other situations where RV-IgM is detected (4, 5) .
In this study, RV-IgG levels as well as RV-IgM levels and RV-IgG avidity kinetics after primary infection and after vaccination were analyzed in order to help biologists and clinicians in the interpretation of rubella serology.
All serum samples were collected from pregnant women and referred to our laboratory for rubella virus antibody screening or for additional testing when RV-IgM was detected.
RV-IgM was measured using the bioMérieux Vidas Rubella IgM enzyme immunoassay (cutoff index, 1.2) (bioMérieux, Marcy l'Etoile, France). RV-IgG was measured using the Beckman Access IgG immunoassay (cutoff, 15 IU/ml) (Beckman Coulter). The tests used for RV-IgG and RV-IgM determinations were performed according to the specifications of each manufacturer. RV-IgM and RV-IgG tests were carried out with serum samples collected Ͻ6 months either after the onset of infection (n ϭ 33) or after vaccination (n ϭ 33). The RV-IgG avidity index was measured in serum samples taken Ͻ6 months either after the onset of infection (n ϭ 38) or after vaccination (n ϭ 38) and in serum samples taken Ͼ6 months and up to 30 years either after the onset of infection (n ϭ 25) or after vaccination (n ϭ 25).
The RV-IgG avidity index was measured using our in-house urea wash method. This method is based on adding 6 M urea as a denaturing agent to the washing buffer to prevent the binding of low-avidity antibody to the antigen. Results are expressed as ratios of absorbance values for single serum dilutions with and without denaturing agent. An avidity index of Ͻ30% is considered very low, one between 30% and 70% is considered low, one between 70% and 90% is considered moderate, and one of Ͼ90% is considered high.
RV-IgM and RV-IgG levels and RV-IgG avidity indexes for samples taken <6 months either after primary rubella virus infection or after rubella vaccination. Detection of RV-IgM in a serum sample collected 3 to 6 days after the onset of rash is the method of choice for diagnosis of acute rubella. It has been well described that RV-IgM is always detected for up to 8 weeks after natural infection by using the most sensitive techniques but is usually no longer detected after 12 to 14 weeks (2, 8, 15) . Low concentrations of RV-IgM can be detected for much longer after vaccination (3, 9, 12) and may be difficult to distinguish from RV-IgM detected in primary rubella virus infection (5, 13, 14) . Our results confirmed that after naturally acquired rubella, RV-IgM usually peaked within a few days after the onset of infection and then sharply decreased (levels divided by ϳ2 every 3 weeks) (Fig. 1) . In contrast, after vaccination, RV-IgM peaked at a lower level and was always detected for at least 3 months after vaccination (Fig. 1) . After 3 months and for up to 6 months, RV-IgM was still detected at low levels in 7/8 cases.
RV-IgG was generally detected within 2 to 3 weeks after the onset of infection. These results are in accordance with previous studies (2) . We observed that within 2 months, the level of RV-IgG was usually higher after primary infection than after rubella vaccination and, in most cases, remained significantly higher (Fig. 2) .
In patients with primary rubella virus infection, there was an avidity increase from very low indexes (Ͻ30%) to moderate indexes (70 to 90%) within 2 months after infection: in 9/26 cases, avidity indexes were very low, in 15/26 cases they were low, and in 2/26 cases they were moderate. Between 2 and 3 months after infection, most avidity indexes were moderate (7/9 were moderate and 2/9 were high). High-avidity indexes (Ͼ90%) were constantly observed after three or more months of infection (3/3). The overall analysis indicated a very quick maturation of RV-IgG after naturally acquired rubella virus infection (Fig. 3) . After rubella vaccination, avidity indexes increased much more slowly. Indeed, within 2 months after vaccination, avidity indexes ranged from very low (11/16) to low (5/16). For periods of Ͼ2 months, avidity indexes remained low (13/22) or moderate (9/22). High-avidity indexes were never observed after vaccination, regardless of the observation time (Fig. 3) . Figure 4 illustrates differences in RV-IgM, RV-IgG, and RV-IgG avidity kinetics between two patients, namely, one after recent vaccination (Fig. 4A ) and one after recent primary rubella virus infection (Fig. 4B) . These two cases show that RV-IgM is detected longer after vaccination than after natural infection. Additionally, RV-IgG levels are higher after natural infection. As for the RV-IgG avidity index, it rapidly reaches a higher level after natural infection than after vaccination, where it stabilizes at a low index.
RV-IgG avidity indexes for samples taken >6 months either after primary rubella virus infection or after rubella vaccination. Our study shows that 6 months or more after primary infection, all patients had IgG avidity indexes of Ͼ85%, and most patients (21/25) had indexes of Ͼ90% (Fig. 5) . Remarkably, after rubella vaccination, IgG avidity stabilizes at a lower level than that after primary infection, and many years later, it usually remains low (6/25) or moderate (19/25). For vaccinated VOL. 14, 2007 NOTES 645
on September 6, 2017 by guest http://cvi.asm.org/ patients, reinfection cannot be excluded and may explain why, in some cases, the avidity index observed a long time after vaccination is similar to the avidity index observed after primary infection. Conclusions. To reduce the incidence of congenital rubella syndrome, routine prenatal screening and postpartum vaccination for seronegative women are recommended. Regarding consequences of positive serological results in the management of pregnancy, these must be interpreted with caution for pregnant women. Indeed, misinterpretation of results can lead to anxiety for pregnant women and sometimes to useless termination of pregnancy. This is why interpretation of positive results should be based on as much information as possible concerning clinical signs, contact with rash, previous immunization, and antibody screening.
Serological results are highly dependent on the patient tested and the technique used. However, it has previously been published that humoral immune responses are different after rubella vaccination and after primary rubella virus infection, regardless of the technique used (1, 12) . In our study, we demonstrated that analysis of RV-IgM levels in consecutive samples can help to distinguish primary infection from vaccination, since the kinetics of RV-IgM are very different depending on whether it appears postvaccination or post-primary infection. However, to confirm such an important conclusion, RV-IgM-positive test results for pregnant women should always be completed using an alternative method, such as RVIgG avidity testing. We noticed that maturation of RV-IgG is slower after vaccination than after naturally acquired infection. Moreover, we showed that the RV-IgG avidity index stabilizes at moderate levels after vaccination and at high levels after primary infection.
We also demonstrated or confirmed that IgG avidity and IgG antibody levels, important parameters of the quality of the humoral immune response, are lower after vaccination than after primary rubella virus infection. Yet because it is well known that the rubella vaccine is very efficient, we may suppose that the induced cellular immune response plays a major role in the protection observed. This hypothesis deserves further study.
It is still necessary to include rubella virus antibody screening in antenatal care, even in countries with well-established vaccination programs. Most diagnosis problems can now be solved with improved and close analysis of serological results, as described here. 
